Introduction: Video-EEG has been used to characterize genetic generalized epilepsies (GGE). For best performance, sleep recording, photic stimulation, hyperventilation, and neuropsychological protocols are added to the monitoring. However, risks and benefits of these video-EEG protocols are not well established. The aim of this study was to analyze the efficacy and safety of a video-EEG neuropsychological protocol (VNPP) tailored for GGE and compare its value with that of routine EEG (R-EEG). Methods: We reviewed the VNPP and R-EEG of patients with GGE. We considered confirmation of the clinical suspicion of a GGE syndrome and characterization of reflex traits as benefits; and falls, injuries, psychiatric and behavioral changes, generalized tonic-clonic (GTC) seizures, and status epilepticus (SE) as the main risks of the VNPP. Results: The VNPPs of 113 patients were analyzed. The most common epileptic syndrome was juvenile myoclonic epilepsy (85.8%). The protocol confirmed a GGE syndrome in 97 patients and 62 had seizures. Sleep recording had a provocative effect in 51.2% of patients. The second task that showed highest efficacy was praxis (39.3%) followed by hyperventilation (31.3%). Among the risks, 1.8% had GTC seizures and another 1.8%, SE. Eighteen percent of patients had persistently normal R-EEG, 72.2% of them had discharges during VNPP. Generalized tonic-clonic seizures, myoclonic status epilepticus, and repeated seizures were the main risks of VNPP present in 6 (5.31%) patients while there were no complications during R-EEG. Conclusions: The VNPP in GGE is a useful tool in diagnosis and characterization of reflex traits, and is a safe procedure. Its use might preclude multiple R-EEG exams.
Introduction
Video-EEG monitoring is an established technique to correlate clinical behavior with EEG phenomena. Besides diagnosis, video-EEG is useful for classification of seizure types and characterization of interictal and ictal EEG abnormalities, especially in patients with refractory epilepsy who are under evaluation for surgical intervention [1, 2] . However, in order to record seizures, antiepileptic medications (AEMs) are frequently withdrawn, exposing patients to a higher risk of related complications [3, 4] . These adverse events occur in 9 to 14% of the patients [5, 6] .
Several studies, most of them including patients with focal epilepsies, have identified falls, injuries, psychiatric and behavioral changes, and occurrence of status epilepticus (SE) as the main complications of long-term monitoring [5] [6] [7] [8] [9] . In a retrospective study with 507 patients, 4% of patients had psychiatric events during video-EEG, 3% injuries, 2% SE, and 0.2% treatment-related adverse events [6] .
Regarding patients with genetic generalized epilepsies (GGE), video-EEG is often obtained without AEM withdrawal [10] [11] [12] . For this group of epilepsies, provocative techniques, such as sleep deprivation, hyperventilation (HV), and intermittent photic stimulation (IPS) have been considered important to capture interictal epileptiform discharges (IEDs) and seizures [13] [14] [15] [16] . Moreover, video-EEG neuropsychological protocols (VNPPs) have been used to better characterize GGE syndromes during the last decades. Results have suggested that patients sensitive to neuropsychological activation have worse long-term prognosis [10] [11] [12] 17, 18] .
In the setting of GGE syndromes, benefits and complications of video-EEG monitoring are not well established. The aim of this study was to analyze the efficacy and safety of a video-EEG protocol tailored for GGE and compare its value with that of routine EEG (R-EEG).
Methods
Patients with GGE, regularly followed in the outpatient's clinic of the Epilepsy Section, Department of Neurology and Neurosurgery of Universidade Federal de São Paulo, were submitted to 4-to 6-hr Epilepsy & Behavior 70 (2017) [187] [188] [189] [190] [191] [192] VNPP. It was done after approval of the ethics committee and patient's consent. All AEMs were maintained during monitoring.
Inclusion and exclusion criteria
Inclusion criteria were diagnosis of GGE syndromes and normal structural neuroimaging (CT/MRI). Syndromic classification was based on the ILAE Proposal for Revised Classification of Epilepsies and Epileptic Syndromes [19] . Moreover, GGE syndromes not yet recognized by ILAE were also included [20, 21] . Exclusion criteria were the presence of generalized tonic-clonic (GTC) seizures over the last 48 h before monitoring, inability to perform cognitive tasks, structural pathology, and clinical suspicion of progressive myoclonic or symptomatic generalized epilepsies.
Electroclinical analysis
Clinical data such as gender, age, seizure types, and their frequency as well as AEMs were accessed. An interview based on a semi-structured questionnaire was used in order to endophenotype reflex epileptic traits in daily life.
Video-EEG protocol
The video-EEG was recorded on 32-channel digital equipment (Ceegraph Software, Bio-Logic Systems Corp., Mundelein, IL, U.S.A and QP-110AK Nihon Kohden, Tokyo, Japan) using the 10-20 International Electrode System, in addition to supraorbital, infraorbital, and deltoid electrodes. A 30-minute awake recording was used as baseline and it was followed by activation tasks and the VNPP. Activation tasks consisted of sleep, eyes opening and closure (EOC), HV, IPS besides cognitive tasks as reading silently and aloud, talking, writing, written calculations, drawing, and spatial construction puzzles (Table 1) .
Patients went through sleep deprivation the night before monitoring (maximum of 4 h of sleep). The protocol and its analysis were based on criteria reported by Matsuoka et al. [13] and Mayer & Wolf [14] . The sequence of tasks was administered randomly in different patients. We used intravenous midazolam or diazepam for SE or GTC seizures and oral clobazam for other seizure types.
A discharge index was calculated by dividing the number of IEDs per recording time (number/min) in each activation task by the rate (number/min) in awake condition. Discharge index above 2.0 was considered as "provocative effect" [10, 13] . The same criteria were applied regarding seizure occurrence (number/min). When IEDs appeared only in the task, being absent in the baseline, the task was applied again, aiming to confirm true activation. We evaluated each VNPP task regarding activation effect and complications.
The IPS procedure was done according to standard protocols [22, 23] . In both, the stimulus must be interrupted as soon as an EEG generalized response appears to avoid the occurrence of seizures.
Routine EEG
Routine-EEGs were recorded after the recommended period of sleep deprivation (maximum of 4 h of sleep) and encompassed sleep, EOC, HV, and IPS as activation methods. Each patient had all available R-EEG reviewed. Additionally, we analyzed data from the R-EEG with the closest date in relation to the video-EEG date in order to reduce age and medication bias.
Efficacy and safety
We considered confirmation of the clinical suspicion of a GGE syndrome and characterization of reflex traits as benefits of the VNPP.
We considered falls, injuries, psychiatric and behavioral changes, GTC seizures, and SE as the main risks. Status epilepticus was defined as seizure activity lasting more than 30 min [24] . Generalized tonicclonic seizures, were also considered a risk, once its occurrence carries a harmful potential to the patient and is unessential for GGE diagnosis. These risks were verified for both R-EEG analysis and VNPP analysis.
Antiepileptic medication load and seizure control.
For the comparative evaluation of AEMs administered, the concept of AEM load was applied [25] . It was calculated by summing the ratios of prescribed daily dose and World Health Organization (2016) defined daily dose of each medication [26] .
Seizure control criteria were defined as good, moderate, and poor [27] .
Statistical analysis
We performed a descriptive analysis of efficacy and safety data. Agreement among questionnaire, R-EEG, and video-EEG was evaluated by the Cohen's kappa coefficient (k). For each one, we also calculated sensitivity and specificity values. We used Youden's index (J) to compare the performance of diagnostic methods. Video-EEG was considered gold-standard test and p-value b 0.05 was interpreted as statistically significant.
Results

Demographic and clinical data
We analyzed VNPP obtained from 113 consecutive patients. Seventy-eight (69.0%) were women. Age ranged from 10 to 70 years (mean 24.9). The most common epileptic syndrome (97 patients; 85.8%) was juvenile myoclonic epilepsy (JME), seven (6.2%) had eyelid myoclonia with absences, three (2.7%) juvenile absence epilepsy, three (2.7%) undetermined GGE, two (1.8%) myoclonic absence epilepsy, and one (0.9%) visually-sensitive GGE. Fifty-three (47.3%) patients were treated with monotherapy, among these 41 (36.6%) with valproate; 52 (46.4%) were taking polytherapy, 40 (35.7%) with valproate, and seven (6.3%) patients were not taking AEMs.
Regarding age at VNPP, there was no difference between patients with and without reflex traits, except for patients with EOC sensitivity, who were younger than those without reflex traits (p = 0.006).
Patients who showed reflex traits during VNPP had higher AEM load, except those with EOC sensitivity, who received a lower load, although not statistically significant (p = 0.179).
Efficacy
Ninety-seven (85.8%) patients had IEDs and 62 (54.9%) had seizures during VNPP.
Forty-three (51.2%) out of 84 patients who had sleep recorded during VNPP had activation of IEDs by this condition. The other activation methods that showed high efficacy were praxis followed by HV ( Table 2 ). The contribution of each provocative task to the diagnosis is illustrated in Fig. 1 .
The semi-structured questionnaire was applied in all patients. Eighty-eight (77.9%) reported general precipitant factors such as sleep deprivation, fatigue, alcohol intake, and stress for their seizures, while 45 (39.8%) recognized specific triggers as praxis, language, and flashing lights. Among the latter, the provocative effect was confirmed in 24 (53.3%) patients during VNPP (10 patients had induction by praxis; eight photosensitivity; four praxis and language; one language; and one praxis and photosensitivity). On the other hand, from 68 patients who had denied specific precipitant factors, 44 (64.7%) had seizures or IEDs provoked by VNPP. The interview had a low concordance with VNPP (k = 0.085).
We analyzed 328 previous R-EEG of 100 patients (mean 3.3 ± 2.2 per patient). Among these, 82 (82%) had IEDs recorded while 18 (18%) had persistently normal R-EEGs. Video-EEG had revealed IED in 13 (72.2%) of these patients, particularly on praxis tasks (seven patients) and/or sleep (six patients).
Cumulative R-EEGs had a high sensitivity (0.849), low specificity (0.357), and low concordance with VNPP (k = 0.184; J = 0.206). The R-EEG with the closest date to the video-EEG had high sensitivity (0.756) and specificity (0.643) with higher k and J (0.399) values, although keeping a still low concordance with VNPP results (k = 0.270). During R-EEG, 15 (15%) patients had seizures recorded: 10 absences and 5 myoclonic seizures, mainly during HV (46.6%).
Safety
Among the main risks during VNPP, two (1.8%) patients with JME had a myoclonic-tonic-clonic seizure during praxis tasks, and two (1.8%) other patients with JME developed myoclonic SE after awakening. Falls, injuries, psychiatric and behavioral changes, and convulsive SE were not observed. Nonspecific mild complaints, for example, malaise, shortness of breath, and dizziness, occurred in eight (7.1%) patients. One (0.9%) presented nonepileptic psychogenic seizures.
The patients who had complications during VNPP were taking AEMs with average daily doses. One of them was out of treatment and had myoclonic SE. Both patients with myoclonic SE reported poor control of myoclonia in daily life. Patients who had GTC seizures reported poor or moderate control of this seizure type and good control of myoclonia. None of them was seizure-free.
Nine (8%) patients received benzodiazepines during VNPP: two during GTC seizures, two in myoclonic SE, four after repeated induced myoclonic seizures, and one due to frequent IEDs in HV. There were no adverse events related to this practice. The VNPP had to be Fig. 1 . Number of patients with or without interictal epileptiform discharges and/or seizures after each provocative task of a video-EEG neuropsychological protocol for genetic generalized epilepsies. VNPP = video-EEG neuropsychological protocol; IED = interictal epileptiform discharges; IPS = intermittent photic stimulation; EOC = eyes opening and closure. interrupted in eight (7.1%) ( Table 3 ). Risks and benefits of each VNPP task are demonstrated in Fig. 2 . There were no complications during R-EEG.
Discussion
In the diagnostic evaluation of JME, Delgado-Escueta & Enrile-Bascal [28] conducted a video-EEG study of patients with uncontrolled GTC and myoclonic seizures. They used a protocol previously designed for complex partial seizures aiming to explore consciousness during seizures [28, 29] .
In order to capture abnormalities, activation methods have a particularly important role in GGE. Hyperventilation and IPS have been used since the 1930s [30] . In our series photosensitivity was present in one-fifth of GGE patients and HV activation occurred in a third of them even without patients with childhood absence epilepsy.
Regarding specific methods of activation, Matsuoka et al. [31] recognized that patients with JME could have seizures induced by mental activities using hands and by psychic tension [31] . In their study, cognitive tasks provoked IEDs in 21 (84%) patients. Senanayake [32] reported that in 12 patients with JME, more than 50% of the myoclonic seizures were precipitated by tasks involving higher cortical functions, and several patients developed IEDs or seizures when doing puzzles, a trait later defined as praxis induction [32, 33] .
Studying another cognitive reflex trait, perioral reflex myoclonia (PORM), Mayer & Wolf [14] administered a questionnaire and recorded video-EEG to search for language induction. Patients with JME had more precipitation of IEDs during IPS and neuropsychological tests than those with focal epilepsies [14] .
Among cognitive methods of activation, praxis was the most effective task in our study. The remarkably provocative effect of praxis had already been demonstrated [10, 13] , with a variable prevalence [34] and relation to the persistence of seizures [10, 12] . Therefore, its characterization is useful to identify patients whose seizures may not respond adequately to AEMs. Similarly, language sensitivity has also been related to a worse prognosis, implying the persistence of seizures [18] . During the VNPP, language-related tasks such as reading and talking were provocative in 26% of our patients, similar to JME studies which reported their presence in approximately 20% of the patients [18, 35] .
In our sample, sleep recording was provocative for IEDs in more than 50% of patients. The provocative effect of sleep has been long known for a long time [36] . Pavlova et al. [37] studied patients with GGE and found that there were systematically more IEDs during non-rapid eye movement (NREM) sleep compared with wakefulness [37] . This relationship may be due to a common thalamocortical system in the generation of NREM sleep and spike-wave complexes [38] .
The semi-structured questionnaire was not a reliable tool to identify reflex traits. The same occurred in a JME survey in which PORM was not found in all patients who reported it [14] . Hence, self-perception of triggering factors should be interpreted with caution since cultural, economic, and religious constraints might influence the patient's response [39] , which makes video-EEG desirable for characterization of reflex traits.
The R-EEG was sufficient to confirm a GGE syndrome in 82% of the patients, although this sensitivity was only reached by a mean of three exams per patient. On the other hand, cognitive tasks are not conducted during R-EEG, thereby, not allowing the identification of reflex traits. For patients with persistently normal R-EEG, performing a VNPP should be considered even as a first evaluation, since it might serve as a faster and more accurate diagnostic tool when compared to multiple EEG recordings.
There are no studies regarding safety of video-EEG in patients with GGE. Although some have suggested protocols, they did not report their complications [10] [11] [12] [13] . Recognizing these risks, Thomas et al. [40] described a video-EEG protocol in patients with newly diagnosed untreated JME and suggested administration of clobazam 0.5 mg/kg as soon as the myoclonic jerks were recorded [40] . Hyperventilation and IPS may increase the risk of provoking seizures, including GTC seizures [23, 41] . Myoclonic SE present in two patients of our series is within the range reported in general series (0.0-3.0%), mostly in focal epilepsies [5, 6, 42, 43] . The occurrence of myoclonic SE during awakening is worth mentioning. In a series of 24-hour ambulatory EEG recordings of adult epilepsy patients, it was reported that, although rare (13.2% of 338 GGE patients), IED evoked by awakening was very specific for GGE. Additionally, the latency of IED after awakening was higher in patients with JME, reaching 20-50 min, a period not covered by R-EEG. Seizures were recorded in only 13.1% of these patients with seizures associated with awakening, mostly in JME [44] .
Falls and injuries are events frequently seizure-related, mainly in GTC seizures [5, 6] . In our series, we did not observe it, probably because AEMs were maintained. In addition, we have an epilepsy monitoring unit with trained nurses and EEG technicians, and a doctor was present during the VNPP.
Case-controlled studies comparing the rate of postictal psychosis among patients with temporal, extratemporal, and GGE reported inconsistent results [45] ; one of them found an equal likelihood of postictal psychosis in primary generalized versus partial epilepsy [46] . Although described in 4% of patients in video-EEG units, we did not observe psychiatric adverse events [6] . The possible reasons for this were the short duration of video-EEG, maintenance of AEMs, and consequently low incidence of GTC seizures.
Finally, VNPP had a significant role in the evaluation of patients with GGE since it could support the diagnosis and identify precipitating factors of seizures. Prognostic implication of reflex traits as suggested by some series [12, 17, 18 ] is a matter still demanding further studies. Safety issues are not as frequent as in pre-surgical video-EEG monitoring since AEM withdrawal is not needed.
Conclusion
The VNPP in patients with GGE is a useful tool in diagnosis and characterization of reflex traits. Its use might preclude multiple R-EEG recordings, as 4-to 6-hr recording was very sensitive even in treated patients. It is also a safe procedure; however, while the risk is low, it is greater than for an R-EEG.
Limitations of the study
Eighty-five percent of our sample had JME, which did not allow the analysis of the protocol response in each EGG syndrome separately. We also included a patient who had myoclonic SE and received a benzodiazepine. This patient continued the protocol to the end; therefore, these data might have confounded our analyses.
